Abstract-The paper presents the results of absorption loss for body tissue propagation model which is characterized by the specific absorption rate (SAR) investigated on heterogeneous normal and tumour affected tissues of numerical human breast models. The absorption loss is evaluated using UWB signals of 4 to 8 GHz. The analysis of the study shows that the absorption loss in the body tissue models increases with frequency and varies with the change in dielectric properties of body tissue models. Deviation of absorption loss up to 0.9 dB is observed in tumour affected model compared to normal model.
I. INTRODUCTION
The development of wireless biomedical system is a prospective application in the future. Ultra-wideband (UWB) microwave system is a potential technology for low power transmission of body worn devices. It offers good signal penetration property that could be applied to medical application. UWB body sensor system can be set up to a particular health observation task and sends the information to a peripheral processing network [1] .
Biomedical wireless application involves the use of wireless communication technologies for biology and medical diagnosis. UWB microwave technology offers non-ionizing radiation. Characterized by wavelength greater than 100nm, frequency lower than 3 X 10 15 Hz and energy per photon less than 12 eV, it does not produce sufficient energy that cause ionization effect to the tissue [2] . However in such a system, the radiating and receiving antennas are placed close to the body. Antenna effect to human exposure can take place where the relevant parameter to investigate is the specific absorption rate (SAR).
SAR is a standard evaluation of the rate at which energy is absorbed in a body tissue, measured in W/kg [2] . Exposure of radio frequency and microwave to biological tissue produces SAR effects as reported in various studies [3] - [6] . Propagation of electromagnetic waves through lossy medium with water content such as human tissue would result in signal power loss by the medium [10] - [11] . In this paper, the breast lossy medium effect in the form of absorption by UWB signals is investigated to evaluate an inclusive body tissue propagation loss model.
II. MODEL AND SIMULATION
A numerical system model in three dimensions is developed to assess the absorption loss in the body tissue. The model is developed based on the Finite Integration Technique (FIT). FIT is a computational technique providing spatial discretization scheme to high frequency application. It solves the application problem by discretizing the following integral form of Maxwell's equations [12] :
The discretization scheme is applied by enclosing the considered application in the appropriate boundary conditions to enable finite computation in the specified domain. Particulars of the numerical technique can be found in [8] and [12] .
The EM model consists of a numerical breast phantom and antenna configuration illustrated in Fig. 1 . The threedimensional heterogeneous numerical breast model is built in a hemispherical shape with 100 mm diameter and merged in tissue material that matches the properties of breast tissue at each centre frequency. The breast model is included with 2 mm skin layer. A spherical tumour with 2mm diameter is embedded into the model. The dielectric properties of skin, normal breast tissue and tumour are specified in the model. The summary of the body tissue frequency dependent properties is cited from [13] and presented in Table I . Nominal tumour properties are chosen to be typical of applied data in [18] with ε r = 50 and σ = 4 S/m.
Signal through body tissue is tolerably received when antenna is placed within a particular range with respect to the wave penetration depth [17] . With agreement to the wave penetration depth, transmitting and receiving antenna are placed 5 mm from the skin to enable wave passing through from 4 to 8 GHz. The propagating waves through different tissue layer interface give rise to standing wave effect and result in variation of SAR values compared to homogeneous tissue model [14] . Thus, heterogeneous normal and tumour affected tissues are incorporated into the models in order to investigate the possible absorption effects related to tissue heterogeneity. The transmitting antenna is excited with a cosine modulated Gaussian pulse expressed by [15] ( )
where u B is the pulse time width parameter, f B is the half bandwidth, e = 2.71828 is the base of the natural logarithms, and f c is the desired centre frequency. 2 GHz signal bandwidth at -20 dB bandwidth cut-off points is considered. The transient solver parameter is set to suitable steady state energy criterion and time step stability factor to test on 1001 frequency samples. The amplifier power is defined by 1 Watt rms.
The electrical field strength of a wave in a lossy medium described as a function of the propagation distance, z is given by [16] E ( )
E is the electric field strength, ω is the angular frequency and k is the wave number, with "
The tissue attenuation term is calculated as [16] 
The wavelength in lossy dielectric, ε λ is given by
λ 0 , f 0 , ε 0 = 10 -9 /36π and μ 0 = 4π x 10 -9 refer to wavelength, frequency, permittivity and permeability in free space.
The absorption loss in body tissue is derived from SAR. SAR is defined as the time derivative of the incremental energy ΔW, absorbed by an incremental mass Δmass which is contained in a volume element dV of a given mass density ρ, expressed by [7] 
SAR is given as a numerical value per volume element with ρdV=Δmass and computed as a space distribution function. Typical local SAR value is averaged in 1 g tissue mass as specified by IEEE C95.3 standard [7] . In the simulation, the field distribution in all tissue models is defined with computed antenna radiated power presented in Table II . By assuming that the radiated power comes from a matched antenna that excludes the power flowing out of any ports from the input power, additional antenna effect such as impedance mismatch has been ignored. 
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Normal model Tumour affected model III. RESULTS AND DISCUSSION Table III and IV summarize the values and coordinates of maximum SAR and the total SAR in heterogeneous normal and tumour affected models. It is observed that maximum local SAR distributions occur in the breast tissue layer. It is in contrast to [9] where maximum SAR values in the study are observed in the skin. As ref. [9] considers a layered planar tissue model, the observation of maximum SAR in the skin is explainable by auxiliary energy absorption in the tissue medium that has higher conductivity than the adjacent tissue. On the other hand, the occurrence of maximum SAR in the breast tissue layer in this study is predicted due to the wave bending effect on the curvilinear shape of the breast model. The total SAR is described as the tissue power divided by the entire tissue mass. Observation on heterogeneous normal and tumour affected tissue models shows that the total SAR values below 6 GHz comply with the recommended IEEE whole-body averaged SAR limit of 0.08 W/kg [7] . Significant variation of total SAR value is observed in tumour affected tissue model in comparison to normal tissue model over the UWB frequency range of interest.
The tissue absorbed power for heterogeneous normal tissue model in comparison to tumour affected model is given in Fig.  2 . It clearly indicates that increasing the frequency induces more field exposure to the tissue, hence gives an increase in total SAR and absorbed power values in both models. As demonstrated by total SAR, significant variation is similarly observed in the absorption loss of normal tissue model in comparison to the tumour affected models. The existence of single 2 mm tumour significantly contributes to the variation of absorption loss up to 0.9 dB in tumour affected model compared to normal model. If the total SAR is evaluated for a different specific averaging mass such as 10 g, the results may vary depending on the characteristic of the exposed body and incident field parameters such as antenna field regions [2] . Fig. 3 and 4 show tissue attenuation in comparison to absorption loss in heterogeneous normal and tumour affected tissue models. The simulated tissue absorption loss in comparison to theoretical tissue attenuation demonstrates discrepancy ranges from 34.1 dB to 47.4 dB. The absorption loss is noted as a fraction of tissue attenuation where tissue attenuation may also relate to the effects of diffraction and wave clutter which are not investigated in this study. On the other hand, it is clearly noted that the absorption loss in both tissue models increases with frequency, indicating how power loss in the body tissue scales in high frequency range of 4 to 8 GHz. IV. CONCLUSION A numerical technique to estimate the absorption loss in heterogeneous normal and tumour affected breast tissue is explained in this paper. In summary, the study shows that in frequency range from 4 to 8 GHz, significant local maximum SAR occurs in the body tissue model. The occurrence of maximum SAR in the breast tissue layer rather than the skin indicates significant wave bending effect on the curvilinear shape of the exposed body tissue. As the heterogeneous tissue model is included with tumour, the absorption loss varies with the change in dielectric properties. The returning waves coming from tissue interfaces are significantly attenuated as characterized by the increased absorption loss with frequency. The body tissue absorption loss is observed as frequency dependent and relies on the change in dielectric properties. In future work, we plan to expand the investigation in various breast tissue models and consider extended incident field effects, which will be useful in estimating the body tissue propagation loss model using UWB signals.
